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This study explores a process underlying the onset and evolution
of an irreversible thermochemical reaction that fills a lithium-ion bat-
tery (LIB) internally. The issue related to early detection of the onset
of thermal decomposition of LIB internal filling is that today there
are no unified approaches and clearly defined parameters that would
make it possible to predict the failure of LIB. The process of LIB
thermal decomposition can occur without visual signs and rapidly
develop into intense combustion. Obtaining parameters for the onset
of the evolution of LIB’s internal filling thermochemical reaction
provides prerequisites for designing a sensor for early detection of LIB
thermal decomposition.

Based on the results from analytical processing of existing ex-
perimental studies on determining the chemical composition of the
products of LIB thermal decomposition, the basic parameters have
been established. In particular, the change in the concentration of
CO,, HF, and P,,s was found to be the basis for further advancement
of the model (mathematical basis) of the fuzzy correction unit.

A fuzzy correction module using the Mamdani algorithm has
been designed for a multi-channel sensor for early detection of ther-
mal decomposition (SEDTD) in LIB. The forms and parameters of
the input and output membership functions have been established.
A database of fuzzy rules has been compiled that describe LIB’s pos-
sible states. Simulation in the Fuzzy Logic Toolbox package in the
MATLAB environment (USA) qualitatively reflects the perception
of input signals about the onset and evolution of a thermochemical
reaction.

The results of simulation studies have confirmed the effective-
ness of the proposed approach. It has been established that the sen-
sor, based on a comprehensive analysis of input parameters such as
pressure, CO, and HF concentrations, forms an information output
signal that adequately reflects the technical condition of LIB, in
particular normal, pre-fire (pre-emergency), and fire (emergency)
states.

Keywords: lithium-ion battery, sensor, combustion, thermal
decomposition, triggering algorithm, Fuzzy Logic.
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This study considers a high-speed permanent magnet motor
designed to drive unmanned aerial vehicles and ground robotic
systems. The scientific-practical task addressed is to establish a
quantitative relationship between the components of electromagnetic
losses and the thermal state of the motor in a wide range of operating
modes (5000-23000 rpm, 1-54 A).

A multiphysics numerical field mathematical model of a small-
sized high-speed permanent magnet motor operating as part of an
unmanned aerial vehicle has been constructed. The model resolves
a coupled electromagnetic-thermal problem refining the temperature
field distribution and parameters of active materials: the dependence
of the residual magnetic induction of permanent magnets.

It was found that the distribution of specific losses in the cross
section is deeply uneven: the maximum values are concentrated at
the edges of the stator teeth and exceed the losses in the permanent
magnets and yoke by 1.5-2.5 orders of magnitude. The distribution of
the thermal field with increasing current was established: at 1 <14 A,
magnetic losses prevail, and at I > 27 A, losses in the winding be-
come predominant and reach 201 W at a current of 54 A. This is
2.5-3.5 times more than magnetic losses. With increasing current, the
loss curves for different speeds gradually coincide: at I = 54 A, the
difference between 5000 and 23000 rpm is only =~ 20 W (= 7% of the
total losses of 260-280 W).

At speeds above 17,000 rpm, the temperature of permanent mag-
nets exceeds 80°C, the residual induction decreases by 6-8% of the
rated value, which leads to a decrease in the electromagnetic torque
by 3-4%. A critical value of the average motor heating has been estab-
lished, at which the risk of irreversible demagnetization of magnets
occurs, which corresponds to ~216°C, at a speed of n > 11,000 rpm
and at maximum current.

The results could be used to optimize high-speed motors with
permanent magnets.

Keywords: high-speed motor, losses in the magnetic core, multi-
physics model, thermal state.
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This study investigates heat transfer processes in isotropic semi-
infinite 3D media with foreign inclusions, which are heated by inter-
nal sources and heat flow.

As a result of the thermal load during the operation of devices,
significant temperature gradients arise. To analyze the tempera-
ture regimes and establish the effective operation of these devices,
mathematical models for determining temperature fields have been
constructed.

Based on the stated boundary value problems of thermal con-
ductivity, their analytical solutions have been derived, which make
it possible to obtain the temperature distribution and the behavior
of temperature gradients in a heterogeneous medium. Using these
solutions, numerical calculations of the temperature distribution in
spatial coordinates for given geometric and thermophysical param-
eters have been performed.

For an effective description of the thermophysical parameters of
heterogeneous semi-infinite 3D media, a symmetric unit function and
the Dirac delta function have been used. As a result, second-order dif-
ferential equations with partial derivatives and singular coefficients
have been derived.

The numerical results reflect the temperature distribution in
semi-infinite 3D media in spatial coordinates for the given geometric
and thermophysical parameters. The numerical values of temperature
for the selected half-space material (ceramics VK94-I) and inclu-
sions (silicon, molybdenum) were obtained with an accuracy of 10°.

The application of the constructed mathematical models of heat
transfer contributes to investigating the thermal stability in semi-
infinite 3D media with foreign inclusions. Using these models makes
it possible to predict temperature regimes in devices, which is a pre-
requisite for improving their reliability and durability.

Keywords: temperature field, thermal conductivity of the mate-
rial, thermal stability of structures, convective heat transfer, heat flow.
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This study develops a two-phase model for heating biological tis-
sue and electrosurgical instruments with a split electrode in the AN-
SYS program (USA). The distribution of voltage, temperature in the
tissue and instruments depending on time and the thickness of the
dielectric between the electrodes has been obtained. The dependences
of the coagulation area of the parenchyma on the distance between
the electrodes and voltage have been determined.

At a dielectric thickness of 3 mm, the tissue is heated to a maxi-
mum temperature of 100°C near the ends of the electrodes. Between
the electrodes, the temperature decreases to 80-89°C. Coagulation of
the tissue begins at a normal temperature of about 80°C. The coagu-
lation zone has a semicircular shape with a width of 6-7 mm and a
maximum depth of about 1-1.5 mm.

The resulting model makes it possible to determine the optimal
thickness of the dielectric, voltage, and speed of movement of the
instrument depending on the diameter of the electrodes and the
properties of the tissue. For an electrode diameter of 6 mm, the opti-
mal dielectric thickness is 2-3 mm, voltage — 20-30 V, average speed
of movement - 20-30 mm/s. The greatest depth of coagulation and
speed of movement of the tool can be obtained at an insulating wash-
er thickness of 3 mm. If the hemostasis zone is within the surgeon’s
visibility, s/he manually adjusts the voltage and speed of movement
of the tool. If the hemostasis zone is hidden from the surgeon, it is
necessary to use automatic control systems.

The results are used for the design of electrosurgical tools and
technologies.

Keywords: electrosurgery, welding of living tissues, hemostasis,
electrosurgical instruments, split electrode, ANSYS.
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PO3POBKA ITHTEJIEKTYAJIBHOT'O BATATOKAHAJIBHOI'O JABAYA PAHHBOI'O BUABJIEHHA TEPMIYHOT'O
PO3KJIAZTY JIITIA-IOHHOT'O EJJEMEHTA XXUBJIEHHA (c. 6-16)

A. II. Kymnip, O. B. JIazapenko, P. M. Taiii, O. I. BamuumHchkui, P. B. Asreniko

OG6’eKTOM JIOCTi/PKEHHST BU3HAYEHO TPOIIeC MOYaTKy Ta PO3BUTKY HE3BOPOTHOI TePMOXiMiuHOI peakilii BHyTPilllTHbOTO HaIIOBHEHHS JIiTiii-
ioHHOTO eseMenTa *uBsaeHHs (JIIEXK). [Ipo6ieMa paHHBOTO BUSIBIEHHS TOYaTKy TEPMIYHOTO PO3KJIa/ly BHYTpilIHbOro HarmoBHeHHs JIIEJK
M0JIATAa€ B TOMY, 1110 Ha CbOTOZHI BifICYyTHI €IMHI ITiZIXOAU Ta YiTKO BU3HAYEHHI ITapaMeTpH, 110 JJO3BOJIAIOTL CIIPOrHO3yBaTH BUXiJ 3 taxy JII-
EXK. IIponec TepmivyHoro poskiasy JIIEXK Moyke mpoTikaTu 6e3 BisyaJIbHUX 03HAK i CTpiMKO IepepocTaTy B iHTeHCUBHE ropiHHSA. OTpUMaHHS
ITapaMeTpiB MOYaTKy PO3BUTKY TepMOXiMiUHOI peakIii BHyTpinrHboro HarroBHeHHs JIIEXK Hasjae iepeiyMoBH /7151 pO3pOOKH laBadya paHHbOTO
BUSBJIEHHA TepMidyHOro poskiiagy JIIEXK.

3a pe3y/bTaTaMy aHAJIITUYHOTO OIIPALIOBAHHSA ICHYIOUMX €KCIIePUMEHTaIbHUX JOC/Ii/HKEHD 3 BUSHAYEHHS XIMIYHOIO CKJIaZly IIPOAYKTIiB
TepMiuHOro poskiany JIIEXK 6ys10 BCTaHOBJIEHO OCHOBHI IapameTpH. 30kpeMa, 3MiHa koHmeHTpalil CO,, HF Ta P,q. 6y/10 BCTAHOBJIEHO SIK
OCHOBA JIJIs1 TIOZIaJIbIII0T PO3POOKH MOziesTi (MaTeMaTHYHOI OCHOBH) GJI0Ka HEYiTKOI KOPEKIIil.

Po3po6sieHO 6JI0K HEYiTKOro KOpeKIlii i3 BUKOPUCTaHHAM aIrOpUTMy Mam/jaHi 151 6araToKkaHaJIBHOTO JJaBaya PAHHBOTO BUSIBJICHHS Tep-
MiuHoro poskiagy (IPBTP) JIIEXK. BcranoiieHo (hopMu Ta apaMeTpy BXiIHUX Ta BUXIZHUX QyHKIiH HamexHOoCcTi. CrulajieHo 6a3y HeuiTKUX
TIpaBWJI, SAKi ONUCYIOTh MOXJIHBI cTanu JIIEXK. Cumysrsmis B maketi Fuzzy Logic Toolbox B cepemosuii MATLAB (CIIIA) sikicHO Bimo6pakae
CIPUMHATTSA BXi/IHUX CUTHAJIIB IIPO [T0YATOK Ta PO3BUTOK TEPMOXiMidHO] peakiiii. Pe3ysbTaTi CUMyIALIHHNUX JOCIIi/IKEHD MiATBEPANIIN edek-
TUBHICTb 3aIIPOIIOHOBAHOTO ITiIX0Ay. BCTaHOBIIEHO, 110 /JaBay HAa OCHOBI KOMIJIEKCHOT'O aHAJIi3y BXiJHUX ITapaMeTpiB — TUCKY, KOHLIEHTpaLlil
CO, ta HF - hopmye inopmaniitHuil BUXiHUI CUTHAJ, IKUI a/IeKBAaTHO Bi/joOpakae TexHigyHMI craH JIIEJK, 30kpemMa: HOpMaJIbHUI, TIepea-
TTOXKeXKHU (TepejaBapifiHuil) Ta moxe)XxHU (aBapiiiHuil) craH.

KurrouoBi coBa: ytiTiii-ioHHUI eJleMeHT, /jaBad, TOPiHHS, TEPMIYHUI PO3KJIaJ], AITOPUTM CIIpalfoBaHHs, Fuzzy Logic.
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BU3HAYEHHS BIUIMBY AKTUBHUX BTPAT HA TEIUIOBHUI CTAH BUCOKOIIIBHU/IKICHOI'O JBUT'VHA 3
MOCTIMHUMH MATHITAMH (c. 17-25)

M. A. KoBasieHko, 0. A. T'aiinenko, C. C. IluBiHncekuii, O. B. CemeHiok, O. O. Ba3apos

OG’eKTOM JOCTII/DKEHHsI € BUCOKOIIBU/KICHUI JBUTYH i3 IOCTiIfHUMM MarHiTaMu, IpU3HAUYeHUI JUIs MPUBOAY Ge3MiJIOTHUX JITaJIbHUX
arapariB Ta Ha3eMHUX pOOOTH30BAaHUX KOMILIEKCiB. BupilryBasack HayKOBO-IIPAKTHYHA ITpo6ieMa BCTAHOBJIEHHS KiJIbKiICHOTO B3a€MO3B>SI3KY
MIDXK CKJIQ/IOBUMH €JISKTPOMAarHiTHUX BTPAT Ta TEIUIOBUM CTAHOM IBUT'YHA Y IIMPOKOMY Jiiara3oHi pexkuMiB po6oTu (5000-23000 06/xB, 1-54 A).

Po3po6sieHo MyIbTH(DI3UYHY YHCEIbHY IT0JBOBY MaTeMAaTHYHy MO/Ie/Ib MajorabapuTHOrO BUCOKOUIBU/IKICHOTO ABUTYHA i3 TOCTiHHUMEI
Marsitam#, 1o (pyHKIiOHye y CKIafi 6e3MiJIOTHOrO JTiTaIbHOTO anapary. B Moziesti peai3oBaHO 3B>A3aHy eJIeKTPOMArHiTHO-TEILIOBY 33714y 3
YTOUHEHHSIM PO3IOZiTy TeMIIepaTypHOTro oIS Ta ITapaMeTpiB akKTUBHUX MaTepiasliB: 3a/Ie)KHOCT] 3a/IMIIKOBOI MarHiTHOI iHAYKIT MOCTiHHMX
MAarHiTiB.

BcraHOoBIIEHO, 1110 PO3ITOALI IMTOMUX BTPAT Y IIOIIEPEYHOMY ITepepisi € IITM60K0 HepiBHOMiIpHUM: MaKCUMaJIbHi 3HAaUEHHST 30cepe/PKeHi Ha
Kpasix 3y6IiiB cTaTopa i Ha 1,5-2,5 MOpA/KY IepeBUIIYIOTh BTPATH B MOCTIHHMX MarHiTax Ta apmi. BcTaHOBIEHO PO3MO/ALT TEMJIOBOTO MOJIA 3i
36ibIIeHHAM cTpyMy: IpH I < 14 A TiepeBayKaroTh MarHiTHI BTpaTH, a Ipu I > 27 A BTpaTy B 0OMOTIIi CTAlOTh NTePeBAYKAIOUYNUMHU i ITpU CTpyMi
54 A pocsiratoth 201 Br. Ile y 2,5-3,5 pasu Giiblue, HDK MarHiTHi. 3i 3pocTaHHAM CTPyMy KPHBi BTpAT JJIsl Pi3HUX MIBUKOCTEH ITOCTYIIOBO
36irarotecst: pu I = 54 A pizauns Mk 5000 i 23000 06/xB ckaazae guiie ~ 20 Bt (= 7% Big cymapHuX BTpat 260-280 BT).

IIpu mBHaKocTsX moHaz 17000 06/XB TemIeparypa IOCTiifHMX MarHiTiB rnepesuinye 80°C, 3aJIMIIKOBA iHAYKIIiS 3HIDKYEThCS Ha 6-8%
BiJ| HOMIHQJILHOTO 3HAYEHHs, 110 IIPU3BOAUTE O 3MEHIIECHHS €JIEKTPOMAarHiTHOro MOMeHTy Ha 3-4%. BCTaHOBJIEHO KPUTHYHE 3HAYEHHS
CepeJHbOTO HATpiBy ABUTYHA, IIPU SKOMY HAacTae pU3MK HEOOOPOTHOTO PO3MAarHiuyBaHHS MAarHITIB, 1[0 BiAmoBifae ~ 216°C, mpy MBUAKOCTI
n > 11000 06/XB Ta IPU MaKCUMAJIbHOMY CTpyMi. OTpUMaHi pe3y/IbTaTh MOAUIMBO BUKOPUCTOBYBATH JIsl ONTHMi3allil BUCOKOIIBUIKICHUX
JIBUTYHIB i3 TOCTIHHUMM MartiTamu.

KUIro4oBi c1oBa: BUCOKOIIBY/IKICHUI IBUTYH, BTPATH B MarHiTHOMY OCEpZi, My/IbTH(i3UdHa MOJieJIb, TEIIJIOBUI CTaH.
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PO3POBJIEHHA MATEMATUYHUX MOJEJIEN TEIUIOOBEMIHY B HANIIBBE3SMEXKEHUX CEPEJTOBUIIAX 3
YY>XOPITHUMH BKJIFOYEHHSIMM (c. 26-35)

B. L. TaBpu, C. I. ArpmuH, I I. Kimam, M. B. Crenansak, M. M. KiinM’rok

O6>€KTOM JOCJTiZPKEHHSI € MPOLIECH TeIIJIO0OMIHY B i30TpOITHUX HammiB6e3MeXXHUX 3D cepefoBHUINAX i3 Uy KOPIZHUMU BKIIOUEHHSIMH, SIKi
MiAA0ThCS HAaTPiBaHHIO BHYTPIlIHIMU JKepeIaMU Ta TEILJIOBUM ITOTOKOM.

BHAaC/IiIOK TETJIOBOrO HAaBAHTAXKEHHS IIPU €KCIUTyaTallil IPUCTPOiB BUHUKAIOTh 3HAYHI TeMIlepaTypHi rpafiieHTH. [y aHasizy TeMIiepa-
TYPHUX PEXKUMIB Ta BCTAHOBJIEHHS e()eKTHBHOI pOOOTH I[UX IIPUCTPOIB PO3POO6IEHO MaTeMAaTU9HI MOZie/li BU3HAUYEHHSI TeMITePAaTyPHUX MOJIiB.



Ha ocHoBi copMynboBaHMX KpailoBUX 33/1a4 TEIUIONPOBIJHOCTI BU3HAYEHO 1X aHAIITUYHI PO3B’A3KH, AKi Jal0Th 3MOT'y OTPUMATH PO3-
TIOiJT TEMITepaTypH Ta MOBEAIHKY TeMIIepaTypHUX IPAJi€HTIB y HEOZHOPIAHOMY CepelOBHILi. I3 BUKOPUCTAHHSM I[UX PO3B’sI3KiB BUKOHAHO
YHCJIOBI PO3PAaxXyHKH PO3IIO/LTY TEMIIEPATypH 3a IIPOCTOPOBUMH KOOPAMHATAMH /IS 33[JaHUX TeOMETPUYHUX Ta TEIUIO(i3MYHUX ITapaMeTpiB.

Jnsi eeKTUBHOTO OIHUCY TeIUIO(i3sMYHUX MapaMeTpiB HeOAHOPIAHMUX HamiBO6e3sMeXxHUX 3D cepeJjoBUIL BUKOPUCTAHO CUMETPUYHY O[U-
HUYHY (QYHKIIif0 Ta fesbTa-hyHKito Jlipaka. Y pesybrati oTprMaHo JudepeHIiiaabHi piBHIHHS APYroro NOPSAAKY 3 YaCTKOBUMH TOXiZJHUMHI
Ta CUHTYJIAPHUMU KoedillieHTaMu.

OTpuMaHi YHCIOBi pe3y/IbTaTH BioOpa)kaloTh PO3IOZLT TeMIIepaTypH B HariBOe3MeXXHUX 3D cepe/joBUILaX 32 IIPOCTOPOBUMHU KOOPAU-
HaTaMH /IS 33/JaHIX TEOMETPUYHUX Ta TeIIo(hi3MIHUX mapaMeTpiB. YMCIOBI 3HAYeHHs TeMITEpaTypH JIsi BUOPAHOTO MaTepiasry MiBIIPoCTo-
py (kepamika BK94-I) Ta BritoueHHst (KpeMHIH, MOJIiG/ieH) OTPUMAaHO 3 TOUHICTIO 108, BUKOPUCTAHHS PO3PO6JIEHUX MATEMATUYHUX MOZeJIe
TEIUIOOOMIHY CIIpUs€e JOCTi/PKEHHIO TePMOCTIKOCTI B HamiBOe3MeXXHUX 3D cepefoBHIAX 3 Uy)KOPiHUMHU BKJIIOUEHHSIMU. 3aCTOCYBaHHS
LIMX MOJieJiell la€ MOXKJIMBICTh ITPOTHO3YBaTU TEMIIEPATYPHi PEXMMU B IPUCTPOAX, IO € MePefyMOBOI0 JJId Ii/IBUILEHHS iX HaAiliHOCTi Ta
JIOBTOBIYHOCTI.

Kurro4oBi ciioBa: TeMIiepaTypHe I10J1e, TeIUIOIPOBIIHICTb MaTepialy, TePMOCTIMKiCTh KOHCTPYKIIill, KOHBEKTUBHUI TEIUIOOOMiH, TEILIO-
BU MOTIK.
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PO3POBKA JIBO®A3HOI MOIEJII HATPIBAHHSA BIOJIOTTYHOI TKAHUHU TA EJIEKTPOXIPYPTTYHOTO
IHCTPYMEHTY 3 PO3JAIVIEHVM EJIEKTPO/IOM (c. 36-43)

0. B. JIeGenes, B. B. IILtukos, A. I. Iy6ko, C. B. IlorioB

OG6’eKTOM JOCJIi/[KEHHS € po3poOKa ABo(ha3HOI Mozie i HarpiBaHHs 6i0TOTiYHOI TKAHMHU Ta eJIeKTPOXipyprivHOro iHCTPpyMEHTY 3 PO3[i-
JICHUM eJIeKTpozioM y mporpaMu ANSYS (CIIIA). OTpyMaHO PO3IIOALT HAIIPYTH, TEMIIEPATypy B TKAHUHI Ta IHCTPYMEHTI 3aJIe)KHO Bifi yacy
Ta TOBIIWHM JieJIEKTPUKA MK eJIeKTpoZamMu. BusHaueHi 3aj1e)KHOCTI 061acTi Koaryssinii mapeHxiMu Bif BificTaHi MK eJIeKTpogaMu Ta Ha-
npyroro. IIpy TOBIIMHI JiiesleKTpHKa 3 MM TKaHMHA HarpiBa€ThCs 0 MaKCUMaJIbHOI TeMrrepaTypu 100°C 11o6m3y TOpLiB eeKTpojiB. Mix
eJIEKTPOZaMH TeMIlepaTypa 3MeHIIyeThcsl o 80-89°C. Koarysisiyis TKaHWHU OUMHAETHCS 32 HOpMaJIbHOI TeMIiepaTypu 6;113bko 80°C. 3oHa
Koaryssinii Mae HamiBKpyIiTy (hOpMy i3 IIMPUHOIO 6-7 MM Ta MaKCHMaJIbHOIO IMTMGUHOI0 6/1M3bKO0 1-1,5 MM. OTpUMaHa MOJIENb A€ MOXUIU-
BiCTb BUSHAYUTU ONTUMAaJIbHY TOBLUIMHY Jlie/IEKTPUKa, HAIIPYTH i IBUAKOCTI IIepeMillleHHs iHCTPyMEeHTa BiJI liaMeTpa eJIEKTPO/IB Ta BIaCTH-
BOCTell TKAaHUHU. 17151 iaMeTpa esIeKTpoZiB 6 MM ONTHMaIbHA TOBIIMHA JAieJIeKTpUKaA JOpPiBHIOE 2-3 MM, Hampyra 20-30 B, cepesiHs mBU/I-
KicTh nepemimeHHs 20-30 MM/c. Hafi6inpry rin6HHy Koary/siii Ta IBUAKOCT] ITepeMillleHHs iHCTPyMEHTY MOYXHA OTPUMATH IIPY TOBIWHI
i3osAifiHOl maiiou 3 MM. SIKII0 30Ha reMocTasy repebyBae y Mexxax BUJMMOCTI [JIs Xipypra, BiH BpyYHY pery/Iioe Harpyry i HIBUAKICTb pyxy
iHcTpyMeHTa. SIKIIo 30Ha reMoCTa3y IIPUXOBaHa Bij| Xipypra, HeoOXiZlHO BUKOPUCTOBYBAaTH CCTEMH aBTOMAaTUYHOTO yIpaBiiHHA. OTpuMaHi
Ppesy/IbTaT BUKOPUCTOBYIOThCS /ISl IPOEKTYBAHHS €JIeKTPOXipypriYHUX iHCTPYMEHTIB i TeXHOJIOTIH.

KUrro4oBi croBa: eJIeKTpoXipyprisi, 3BapIoBaHHsI )KUBUX TKAHWH, F€MOCTa3, eJIeKTPOXipyprivHUM iHCTpyMeHTapill, po3ziieHNii eeKTpOos,
ANSYS.



